ABSTRACT: The volumes, rates and grain size distributions of sediment supplied from hillslopes represent the initial input of sediment delivered from upland areas and propagated through sediment routing systems. Moreover, hillslope sediment supply has a significant impact on landscape response time to tectonic and climatic perturbations. However, there are very few detailed field studies characterizing hillslope sediment supply as a function of lithology and delivery process. Here, we present new empirical data from tectonically-active areas in southern Italy that quantifies how lithology and rock strength control the landslide fluxes and grain size distributions supplied from hillslopes. Landslides are the major source of hillslope sediment supply in this area, and our inventory of~2800 landslides reveals that landslide sediment flux is dominated by small, shallow landslides. We find that lithology and rock strength modulate the abundance of steep slopes and landslides, and the distribution of landslide sizes. Outcrop-scale rock strength also controls the grain sizes supplied by bedrock weathering, and influences the degree of coarsening of landslide supply with respect to weathering supply. Finally, we show that hillslope sediment supply largely determines the grain sizes of fluvial export, from catchments and that catchments with greater long-term landslide rates deliver coarser material. Therefore, our results demonstrate a dual control of lithology on hillslope sediment supply, by modulating both the sediment fluxes from landslides and the grain sizes supplied by hillslopes to the fluvial system.
Introduction
The characteristics of sediment supplied from hillslopes to channels set the initial boundary conditions for sediment fluxes from upland areas (Allen et al., 2015; Sklar et al., 2017) . The rates and grain sizes of hillslope sediment supply can have a significant impact on basin stratigraphy (e.g. Armitage et al., 2011; Allen et al., 2015) , and play a crucial role in channel incision processes, thus influencing landscape response time and relief evolution (e.g. Dietrich, 2001, 2006; Cowie et al., 2008; Egholm et al., 2013) . The volumes, rates and grain size distributions of sediment exported from hillslopes vary greatly depending on the delivery process (e.g. Attal et al., 2015; Sklar et al., 2017) , lithology (e.g. Selby, 1980; Portenga and Bierman, 2011; Allen et al., 2015) , and the degree of weathering and jointing of bedrock (e.g. Selby, 1980; Moore et al., 2009; Clarke and Burbank, 2010; Sklar et al., 2017) . However, there are few empirical data sets exploring how these variables control hillslope sediment production and delivery, in contrast with the large body of research studying how this primary sedimentary signal is transformed during transport and deposition (e.g. Jerolmack and Paola, 2010; Simpson and Castelltort, 2012; Michael et al., 2014; Allen et al., 2016) .
Here, we present new empirical data addressing lithology and rock strength controls on the fluxes and grain size distributions of sediment delivered from hillslopes to channels, using tectonically-active areas of southern Italy as a case study. We first compile a new landslide inventory along active normal faults, and evaluate the influence of lithology on slope distributions, landslide occurrence, frequency-magnitude relationships and field-calibrated landslide area-volume scaling. We then present new field data on rock strength and landslide controls on the grain size distributions supplied from hillslopes to channels. Finally, we evaluate the effects of hillslope supply on the grain sizes of the fluvial sediment export.
Sediment supply from landslides: lithological controls
Landslides are the only erosional mechanism by which hillslopes can keep pace with fluvial incision once their strength-limited equilibrium slopes are surpassed (e.g. Montgomery and Brandon, 2002; Burbank et al., 1996) . Consequently, landslides can account for a significant proportion of hillslope erosion and sediment fluxes over 10 0 -10 6 yr timescales (e.g. Hovius et al., 1997; Guzzetti et al., 2009; Larsen and Montgomery, 2012; Simoni et al., 2013) . In response to greater tectonic forcing or fluvial incision, landslide erosion rates can increase through changes in the frequency and/or volumes of mobilized sediment (e.g. Larsen et al., 2010; Korup et al., 2012) . Overall, lithology can influence sediment fluxes from landslides by controlling: (a) rock strength, which dictates slope distributions and the critical angles for landsliding; (b) rates of landslide occurrence; (c) frequency distributions of landslide sizes; and (d) landslide area-volume scaling relationships.
It has long been recognized that different rock units have different outcrop-and landscape-scale rock strengths, which reflect the combination of intact strength, degree of weathering, and fracturing (Selby, 1980; Schmidt and Montgomery, 1995; Montgomery and Brandon, 2002) . However, quantifying meaningful rock strength values remains a major challenge (Korup, 2008; Moore et al., 2009; Clarke and Burbank, 2010; Gallen et al., 2015) . The strength of lithological units can influence slope distributions within a region, and dictate the equilibrium angles that can lead to hillslope failure (e.g. Burbank et al., 1996; Korup, 2008; Korup and Schlunegger, 2009; Clarke and Burbank, 2010) and non-linear increases in erosion rates (Binnie et al., 2007; Ouimet et al., 2009) . Lithologies with lower rock strength are characterized by lower equilibrium angles, which can lead to a greater frequency of landslide events (Korup, 2008; Korup and Schlunegger, 2009; Hurst et al., 2013; Borgomeo et al., 2014) .
The probability distribution of landslide sizes can be described using a power-law (e.g. Hovius et al., 1997; Guzzetti et al., 2002; Malamud et al., 2004a Malamud et al., , 2004b . For geomorphological landslide inventories, which reflect cumulative landsliding over an unknown period of time, it is more appropriate to calculate the areal frequency density of landslides, because the total number of landslides is not known (Malamud et al., 2004a) . The total number of landslides cannot be extracted from geomorphological inventories, because some have been eroded, and because constraints on imagery resolution mean smaller landslides are often not mapped (e.g. Stark and Hovius, 2001; Guzzetti et al. 2002; Malamud et al., 2004a) . The non-cumulative frequency density of landslides of different sizes, f (A L ) also follows a power-law, which can be defined for the number of landslides, N L over an area A L as (e.g. Guzzetti et al., 2002; Malamud et al., 2004a) :
In this case, C 0 is a constant that depends on local conditions and landslide rates, and β is the power-law exponent that defines the decay in frequency of bigger landslides. A rollover is typically observed in the frequency-area distributions, which for geomorphological inventories is generally attributed to the incompleteness of the inventory towards smaller landslides (e.g. Stark and Hovius, 2001; Malamud et al., 2004a; Guzzetti et al., 2002; Hurst et al., 2013) . Therefore, the fitted power-law is only representative over the range of landslide areas that fall between the rollover value and the area of the largest mapped landslide. From a compilation of 27 landslide inventories, Van Den Eeckhaut et al. (2007) observed that β typically is 2.3 ± 0.6, with smaller values indicating a greater volumetric contribution of large, infrequent landslides to the inventory. Based on empirical and model data, it has been suggested that β is controlled by the depth-gradient of fracture density and cohesion: rock units with greater strength/depth gradients (i.e. considerably less cohesive and more fractured near the surface than at depth), tend to generate shallower, smaller landslides and have greater power-law exponents. In contrast, rock units with relatively uniform strength profiles (i.e. similar degrees of weathering and fracturing at the surface and at depth) may produce deeper, larger landslides and have lower power-law exponents (Clarke and Burbank, 2010; Frattini and Crosta, 2013; Hurst et al., 2013) Landslide erosional budgets also depend on the volumes of material mobilized (e.g. Larsen et al., 2010; Korup et al., 2012) . For practical reasons, landslide volumes are often estimated from landslide areas, based on field-calibrated scaling relationships that take the form of a power-law (e.g. Guzzetti et al., 2009; Larsen et al., 2010) :
where V is the volume of a single landslide deposit, landslide scar, or both, depending on the study; A is the mapped area for that landslide; and α and γ are dimensionless scaling parameters which can vary depending on the setting and landslide type. Larsen et al. (2010) found that for bedrock landslides, where depths are limited by bedrock fracturing and rock strength (e.g. Clarke and Burbank, 2010) , γ ranges between 1.3 and 1.6; while for shallow soil landslides, where depths are limited by soil thickness, γ has values of 1.1 to 1.4. The prevalence of these landslide types depend on how soil formation rates compare to hillslope erosion rates (Larsen et al., 2010) , which can be influenced by lithology. In contrast, Guzzetti et al. (2009) found that a single volume-area scaling relationship fitted reasonably well a mixed dataset of 677 landslides, suggesting that area-volume scaling is predominantly a geometrical effect.
Overall, these studies show that lithology and rock strength can significantly affect landslide erosional dynamics, but their influence on slopes, landslide occurrence, frequency distributions and area-volume scaling have never, to our knowledge, been explored concomitantly for the same data set.
Grain size supply from hillslopes to channels: controls and impact on fluvial sediment Theoretical (Sklar and Dietrich, 2004; Whipple and Tucker, 2002) and field data (Cowie et al., 2008) demonstrate that fluvial incision rates depend on the rates and grain sizes of sediment supplied to channels. Over short transport distances, where grain size distributions do not significantly change via abrasion and selective deposition, the calibre of fluvial sediment is determined by the grain size distributions supplied by the adjacent hillslopes (e.g. Ibbeken, 1983; Wolcott, 1988; Attal and Lavé, 2006; Mueller et al., 2016) . However, the controls on grain size supply from hillslopes have received little attention until recently (Allen et al., 2015; Attal et al., 2015; Riebe et al., 2015; Sklar et al., 2017) .
The grain size distributions of fluvial and hillslope sediment tend to follow exponential patterns similar to those of fragmentation processes (Krumbein and Tisdel, 1940; Ibbeken, 1983; Wolcott, 1988; Allen et al., 2015) . Sources of sediment from hillslopes include rock falls, scree cones, landslides, soils and weathering of bedrock outcrops. Rock fall and landslide deposits have been found to be poorly sorted, with lithology and degree of fracturing of the parent rock exerting a primary control on their grain sizes (Hewitt, 1999; Casagli et al., 2003; Dunning, 2006; Attal and Lavé, 2006) . Landslides have been found to deliver coarser grain size distributions than other sediment sources, and both bimodal and unimodal distributions have been reported (Casagli et al., 2003; Attal and Lavé, 2006; Whittaker et al., 2010; Attal et al., 2015) . Consequently, sediment inputs from landslides have been found to coarsen fluvial sediment in landslide-prone reaches, and to generate bimodal grain size distributions and/or downstream coarsening (Ibbeken, 1983; Ibbeken and Schleyer, 1991; Attal and Lavé, 2006; Whittaker et al., 2010 , Attal et al., 2015 Mueller et al., 2016; Sklar et al., 2017) .
Recently, attention has focused on the grain size distributions of sediment supplied by soils and bedrock weathering, which are predicted to vary depending on lithology, climate, topography and erosion rates (Sklar et al., 2017) . The limited empirical data available supports the existence of climatic and altitudinal controls (Marshall and Sklar, 2012; Riebe et al., 2015) , hillslope gradient/residence time controls (Attal et al., 2015) , and lithological controls (Allen et al., 2015) on the grain sizes supplied to channels. In soils, finer grain size distributions are produced in sectors of enhanced weathering, such as lower, warmer elevations, hillslope bottoms or north-facing slopes (Sklar et al., 2017) ; or low-gradient hillslopes where particles are potentially exposed for long periods to weathering processes that can reduce their grain sizes (Attal et al., 2015) . The median grain size and the abundance of rock fragments in soils have been found to be correlated (Marshall and Sklar, 2012) , and to increase with rock tensile strength (Sklar et al., 2017) .
Overall, these studies suggest that the grain size distributions of sediment supplied from hillslopes are somewhat predictable (e.g. Sklar et al., 2017) . The grain size distributions input to channels are expected to be coarser when they are supplied by landslides (e.g. Attal and Lavé, 2006; Whittaker et al., 2010; Attal et al., 2015) , delivered from stronger rocks with low fracture density (e.g. Allen et al., 2015; Sklar et al., 2017) , experience shorter weathering zone residence times (Attal et al., 2015; Sklar et al., 2017) , and when physical weathering dominates over chemical weathering (Marshall and Sklar, 2012; Riebe et al., 2015; Sklar et al., 2017) . However, empirical data evaluating how these variables affect grain size distributions is still limited, and systematic comparisons of grain size distributions supplied from different lithologies and processes are scarce. Open questions include the extent to which: (i) grain size distributions supplied from bedrock weathering vary with rock strength; (ii) grain size distributions change depending on if they are supplied by weathering or landsliding, and if this change depends on the style of landsliding or lithology; (iii) the varying sources of hillslope grain size supply affect the fluvial sediment export from catchments.
Here, we address these questions in a study area where climate and tectonics are well-known and relatively uniform; so lithology, rock strength and delivery process (weathering versus landsliding) are the main variables controlling grain size. We compare grain size distributions from 32 bedrock weathering sites and 40 landslide deposits, on sandstones, granites, gneisses and schists, and carbonates, for which we also measured rock strength at 35 localities. Finally, we evaluate the impact of sediment supplied from hillslopes on fluvial sediment, by comparing the grain size distributions delivered by weathering products and landslides with those of the fluvial export from 26 catchments affected by different degrees of incision and landsliding.
Geologic Setting
Our study area, in southern Italy, comprises eight mountain ranges bounded by normal faults, three in the southern Apennines (the Diano, Monti della Maddalena and Agri faults, in Campania-Basilicata), and five in Calabria (the West Crati, East Crati, Serre, Cittanova and Armo faults) (Figure 1 ). These faults initiated during the Upper Pliocene in the southern Apennines and the Middle Pleistocene in Calabria (Pattaca and Scandone, 2007; Faccenna et al., 2011; Roda-Boluda and Whittaker, 2016, 2017) . Their maximum long-term throw rates (vertical component of slip rates) range between 0.6 and 1.4 mm yr À1 , and the relief on their footwalls is~1000-1500 m, with some footwall blocks having up to 800 m of inherited, pre-faulting relief (e.g. Papanikolau and Roberts, 2007; Galli and Peronace, 2015; Roda-Boluda and Whittaker, 2016, 2017) . The fault-bounded catchments are still adjusting to these throw rates, experiencing an upstream-migrating wave of fluvial incision (Roda-Boluda and Whittaker, 2016, 2017) that induces landsliding at the valley sides (Figure 1 ). The study area has been affected by about 20 M > 6 earthquakes over the last 2 kyr, most recently in 1980 in the southern Apennines and in 1908 in Calabria (e.g. Galli and Peronace, 2015) . The area has a Mediterranean climate with mountainous areas characterized by mean annual temperatures of~12°C and mean annual precipitation ranging between 1200 and 1600 mm (e.g. Terranova et al., 2009) . Although landslide-prone topography and earthquake-related landsliding are clearly driven by the active tectonics, some studies have found that intense rainfall or snowmelt can also trigger landslide events (Petrucci et al., 2009; Polemio and Petrucci, 2010) .
In Campania-Basilicata ( Figure 1A ), the footwall blocks of the faults are uplifting flysch sandstones, carbonates and some red chert. Flysch formations (Gorgoglione, Galestrino, Albidona and Monte Sierio formations) comprise sandstone units, with some minor interbedded pelitic, marly and calcareous units; while carbonate units encompass massive or poorly-stratified limestones and dolomites, cherty limestones, calcarenites, and minor marly and sandy beds (1:100 000 Italian Geological Survey maps and reports, field observations). Sandstone and marl-clay complexes are more prone to landsliding than other lithologies (Santangelo et al., 2013; Coico et al., 2013) . In Calabria, footwall bedrock is the Paleozoic crystalline basement composed of gneisses and schists with intruded granitoids (Figures 1B and 1C; e.g. Fazio et al., 2015) . These rocks have variable degrees of weathering and can have alteration profiles up to~50 m deep (Le Pera and Sorriso-Valvo, 2000; Borrelli et al., 2014; Scarciglia et al., 2016; Von Eynatten et al., 2016) . Reported Schmidt hammer rebound values (a proxy for rock strength, see Methods section) for these crystalline rocks range between < 10 to 50, with the higher values found in fresher and less fractured bedrock (Goswami et al., 2011; Borrelli et al., 2014; Scarciglia et al., 2016) .
The Italian Geological Survey (ISPRA) has published a geomorphological landslide map (sensu Galli et al., 2008; Guzzetti et al., 2012) for Italy, under the IFFI project (Inventario dei Fenomeni Franosi in Italia; e.g. Trigila et al., 2010) . This inventory was compiled by several teams and contains over 480 000 landslides identified using aerial imagery, field surveys, previous inventories and historical and archive data. Other landslide inventories in southern Italy focus on small areas (< 120 km 2 ) and report high landslide densities, with landslides covering between 3 and 40% of the study areas (e.g. Conforti et al., 2011 Conforti et al., , 2014 Bianchini et al., 2012; Goswami et al., 2011; Santangelo et al., 2013) . There is a large body of risk-oriented and monitoring landslide studies in southern Italy (e.g. Terranova et al., 2007; Bianchini et al., 2012; Giocoli et al., 2015) , but few studies have evaluated landslides from a landscape evolution or sediment supply perspective (Lazzari and Schiattarella, 2010; Goswami et al., 2011 Goswami et al., , 2016 Santangelo et al., 2013; Antronico et al., 2015) .
Landslide frequency-area statistics have only been evaluated by Goswami et al. (2011) for < 400 landslides in a small section of the Aspromonte massif (Calabria), and by Santangelo et al. (2013) for the Sinni River catchment in the southern Apennines. Goswami et al. (2011) found β = 1.94; while the data from Santangelo et al. (2013) imply a β = 2.16, not dissimilar to the exponent found by Guzzetti et al. (2002) in the central Apennines of β = 2.5. Multi-temporal inventories spanning a few years or decades of activity imply landslide rates of between 3.3 and 1.4 × 10 À4 landslides yr À1 km À2 (Petrucci and Polemio, 2000; Terranova et al., 2007; Petrucci et al., 2009; Polemio and Petrucci, 2010; Falconi et al., 2013; Polemio and Lonigro, 2013; Conforti et al., 2014; Antronico et al., 2015; Goswami et al., 2016) , although these inventories may be biased towards large, damaging events. A few of these studies provide estimates of landslide-related catchment erosion rates: 0.46 mm yr À1 (Lazzari and Schiattarella, 2010) , 0.26 mm yr À1 (Antronico et al., 2015) , and 2.8-3.4 mm yr À1 , albeit for a short-time period (Goswami et al., 2016) . Cosmogenic nuclide-derived catchment erosion rates in Calabria are 0.1-1 mm yr À1 , with a mean value of~0.5 mm yr À1 (Cyr et al., 2010; Olivetti et al., 2012) ; while for the southern Apennines, 10 Be erosion rates and volumetric erosion estimates arẽ 0.1-0.5 mm yr À1 , with a mean value of~0.3 mm yr À1 (Amato et al., 2003; Lazzari and Schiattarella, 2010; Gioia et al., 2011) . Therefore, landslide-related erosion rates are comparable in magnitude to catchment-averaged erosion rates (and fault throw rates), which implies that landslides are a major source of hillslope sediment supply in the area.
Methods
Fault maps for all normal faults are taken from Roda-Boluda and Whittaker ( , 2017 . Lithologies were determined from the digital Italian Geological Survey (ISPRA) lithological map; and checked in the field. Topographic data were derived from the ASTER digital elevation model (DEM), with a resolution of 27.3 m × 27.3 m. A total of 152 footwall catchments with areas > 2.5 km 2 were extracted upstream of the studied faults, and were assigned a dominant lithology when a lithological group covered ≥ 50% of the catchment area; otherwise, they were classified as having mixed lithologies. Slope maps (included in the Supporting Information) were derived from the DEM, and the mean slope for each catchment, and relative frequency of slopes for each of the main lithologies, were extracted from these slope maps. Because the studied catchments have different amounts of inherited, pre-faulting relief, catchment incision, which has propagated from the faults as knickpoints migrate upstream, is a more representative metric of catchment geomorphology in the landslide-prone areas (which are typically downstream of knickpoints) than relief (Figure 1 , see slope and incision maps, and comparisons of relief and incision in the Supporting Information). For each pixel in the DEM, incision depth was calculated as the maximum vertical distance between the drainage divide and the valley bottom; the maximum value for each catchment represents catchment maximum incision depth. This was derived by creating a TIN surface capping the catchment around the drainage divide and subtracting the clipped catchment DEM from this surface (see Supporting Information). In Figure 2 , we present this data as incision normalized by catchment area to account for the fact that larger catchments tend to have greater incision depths (see Supporting Information). Subsequent calculations and data analysis have been performed in ArcGIS v.10.3 and OriginLab Pro 2017. For plots with errors on the x-axis, we used the York least squares regression method (York, 1968) , rather than the ordinary least squares (OLS) one. Errors on the regressions are standard errors on the parameter estimates, reported R 2 values are adjusted R 2 , and the reported p values are for the t-test (Prob > |t|).
Landslides
For our geomorphological inventory, we focused on landslides within the fault-bounded catchments or within 2 km of the faults, where most landslide-prone hillslopes are located. We digitized the landslides mapped by the IFFI project within these boundaries (2470 landslides), and identified recent landslides in Google Earth imagery acquired between 2002 and 2014 at a 15 m resolution (319 landslides). Recent landslides were identified following the criteria outlined by Guzzetti et al. (2012) ; identifying landslide scars and deposits by their shapes, changes in terrain roughness, colour, vegetation cover, and their topographic settings (generally high-angle hillslopes). These inventories were checked during two field campaigns in 2013 and 2014. The separate inventories and examples of landslides mapped in Google Earth can be found in the Supporting Information. The IFFI project map categorizes landside types; however, we found in the field that, likely because different areas were mapped by different teams, this classification was not always consistent. Consequently, we chose not to differentiate landslide types in this study. We divided the landslide inventory based on the affected lithology, for the four major bedrock lithologies in the area: carbonates, flysch sandstones, granites, and gneisses and schists.
We calculated the frequency density of landslide sizes by applying Equation (1) for the non-cumulative number of landslides. Following other authors (Malamud et al., 2004a; Van Den Eeckhaut et al., 2007; Hurst et al., 2013) , we use bins of equal logarithmic width, so that the linear width of the bins (w) increases with A L (w i = A Li+1 -A Li = A Li (10 b -1), with b being an arbitrary fixed exponent, 0.1 in our case, which best reflects our data (White et al., 2008; Huang et al., 2014) . We normalize N L by bin width, obtaining a non-cumulative frequency density. Logarithmic binning has the advantage of reducing the number of zero and low count bins at large areas, while the normalization reduces the biases and cumulative effect caused by the increasing bin widths. We obtain the non-cumulative power-law negative exponent, β, by fitting a power-law for the landslides between the rollover and the maximum A L value. Catchments landslide densities were calculated as the ratio of the total area covered by landslides and catchment area. Lithological landslide enhancement factors (L EF ) were calculated for each lithology as (i.e. Borgomeo et al., 2014) :
where A LL is the area covered by landslides in each lithology, A LT is the total area covered by landslides in the study area, A Lit is the outcropping area of each lithology, and A T is the total study area (catchment area plus a 2 km band along the studied faults). A L EF value of one indicates that landslide occurrence mirrors the areal abundance of a lithology; L EF < 1 indicates that landslides are underrepresented in that lithology, and L EF > 1 that they are overrepresented.
In the field, we estimated the dimensions of eight landslide deposits using a laser range finder, to derive a local area-volume scaling relationship. Depending on landslide geometry, volumes were estimated using the volume equation for a cuboid or for a half-cone. We added to our calibration the large Verdesca landslide, at the tip of the Agri fault ( Figure 1A ) whose thickness has been estimated with electrical resistivity tomography and boreholes as varying between 10 to 30 m (Giocoli et al., 2015) ; we use a value of 15 m, half the maximum, as a depth approximation. Sampled landslides span the four major lithologies in the area (sandstones, carbonates, granites, and gneiss and schists), and have soil and fine sediment (< 1 mm) content ranging from 15 to 70% (a proxy for bedrock-soil components of landslide type). Landslide depth was calculated by dividing volume by area (e.g. Guzzetti et al., 2009) , and accounting for landslide bulking due to dilation, of a factor of~2 for the range of landslide sizes that dominate our inventory [according to the landslide depositto-scour ratios suggested by Larsen et al. (2010) in their supplementary material]. Sediment flux from landslides is dependent on the rate of landsliding, which is not known for our geomorphological inventory. However, we exploit a simple equation proposed by Malamud et al. (2004b) :
where V LT is the total volume of landslides in the inventory, A T the total area over which landslides have been mapped, and T L the time over which the landslides have accumulated. Thus, T L is unknown but plausible values of ē L can be approximated based on published catchment-averaged erosion rates. Therefore, we use Equation (4) to estimate T L and minimum landslide rates from our inventory.
Rock strength and grain size
We characterized outcrop-scale rock strength at 35 localities across all studied lithologies using a Schmidt hammer. Although the Schmidt hammer was originally designed to be a measure of a material's intact strength, several studies have found that it can be useful to characterize the degree of fracturing and weathering of rocks (e.g. Selby, 1980 Selby, , 1982 Goudie, 2006; Borrelli et al., 2014) , and we exploit this. The Schmidt hammer rebound test provides dimensionless values between 0 and 100 that are greater for less weathered and less fractured rocks, and that correlate with the uniaxial compressive stress of the rock (e.g. Selby, 1980; Aydin and Basu, 2005; Minaeian and Ahangari, 2013 Selby, 1980 Selby, , 1982 Moore et al., 2009; Clarke and Burbank, 2010) . For each locality, we calculated the mean and standard error from the 10 measured values; and from these, the mean and standard error of the Schmidt hammer rebound values for each lithology. We complemented our data set with Schmidt hammer data from Borrelli et al. (2014) (see Supporting Information).
In 32 of these bedrock outcrop localities, we also measured the grain size distribution of the bedrock weathering products, for grains ≥ 1 mm, using the Wolman point count method (Wolman, 1954) . Twenty-six of the grain size distributions were counted in the field, and six were obtained by counting on high-resolution, scaled photographs, which produces distributions statistically indistinguishable from field measurements (Casagli et al., 2003; Cowie et al., 2008; Whittaker et al., 2010 Whittaker et al., , 2011 see Supporting Information) . Using the same method, we measured the grain size distributions of landslide deposits at their surface for 40 localities. In each locality, care was taken to sample representative areas, and grain sizes were measured across several metres squared. Although mobilization of material during landsliding may result in sediment sorting across the deposit (e.g. Casagli et al., 2003; Dunning, 2006) , the choice of sampling localities was limited by accessibility in many cases. In four large landslides, we could sample in two or three separate localities across the landslide deposit. In order to compare sediment input from hillslopes with that being exported from the catchments, we also measured in the field the grain size distributions of fluvial sediment at the outlets of 26 catchments with landslide densities > 2%, along the Agri, East Crati, Cittanova and Armo normal faults. We did Wolman point counts across several metre-squared patches of the surfaces of both channels and fluvial bars, which due to vertical sorting could reflect systematically coarser distributions than subsurface grain size (Attal and Lavé, 2006) . From the grain size distributions, we extracted the median, D 50 (50th percentile) and the coarse-fraction, D 84 (84th percentile). We also combined, for each lithology, all the grain size measurements of each sediment type (weathering, landslide and fluvial), and use these to build amalgamated probability density functions of grain size using 2 mm bins.
Although Wolman point counting (Wolman, 1954) has the advantage of being a very time-efficient technique, errors on D 50 and D 84 are hard to determine. Due to vertical and lateral sorting within the deposits, repeat counts in different sites of the deposit may not necessarily be similar. Additionally, grain size counts are potentially subjective and different people may be biased towards particular shapes or sizes (Buscombe, 2008; Whittaker et al., 2010) . Therefore, we do not unrealistically attribute a specific error to each D 50 and D 84 values. However, repeat measurements by different people on the same few metre-squared spots reveal that absolute errors for D 50 range between 3 and 5 mm, with a mean of 3 mm; and for D 84 , between 3 and 11 mm, with a mean of 7 mm (see Supporting Information). This translates into relative errors of between 6 and 20% for D 50 , with a mean of 12%, and between 7 and 26% for D 84 , with a mean of 13%. These error ranges are likely applicable to all our grain size distributions, and are very similar to those found in grain size counts by Whittaker et al. (2011) . Moreover, Wolman point counting has the disadvantage of not capturing the full grain size distribution (in our case, particles < 1 mm). The concentration of fine sediment and suspended-bedload partitioning are important variables, affecting for example channel slopes and incision (e.g. Lamb et al., 2008) , but they are hard to constrain (Turowski et al., 2010) . Sieved grain sizes from 19 catchments in eastern Calabria, with similar relief, area and lithology to ours, show that sand content (< 2 mm) of the bedrock weathering products ranges between 0 and 9%, with an average of 4%; and on fluvial sediment measured just downstream of the faults (like in our case), between 7 and 28%, with an average of 17% (Ibbeken, 1983; Ibbeken and Schleyer, 1991) . Therefore, our Wolman point count data is most likely representative of > 70% of the total fluvial sediment fluxes, and of > 90% of the bedrock weathering grain sizes. The fine fraction on landslides is more variable, with landslides in the central and northern Apennines, in carbonates and sandstone and calcareous flysch, having from 10 to 80% of material < 2 mm (Casagli et al., 2003; Whittaker et al., 2010) . This range agrees with our field observations (Table I) of between 15 and 70% of landslide material < 1 mm, but given that we could only sample landslide surfaces, where the suspended load fraction has likely been preferentially washed away, these should be considered minimum estimates, and we only focus on characterizing the grain size distributions of the > 1 mm fraction.
Results

Lithologic controls on sediment flux from landslides
A total of 2789 landslides were recognized in our study region of 2600 km 2 , with areas between 213 m 2 and 3.7 × 10 6 m 2 . Landslides are found along the incised fluvial valleys, or along the fault traces, sometimes affecting the Pleistocene deposits exposed at the proximal hanging-wall basins (Figure 1 ). Landslides cover between 0.05 and 73% of the areas of affected catchments, and overall landslide density in the study area is 8.7%.
Slopes
The abundance of steep slopes (> 20°) is one of the main factors that influences landslide activity. In the study area, steep slopes are associated with the tectonically-controlled fluvial incision (Figure 1 , see Supporting Information for slope and incision maps), which has propagated through the catchments as knickpoints migrate upstream from the faults (Roda-Boluda and Whittaker, , 2017 . Hence, catchment mean slopes are expected to increase as incision deepens, until they reach a limit that is a function of hillslope equilibrium angles. Figure 2A shows that as incision increases (presented as areanormalized incision, see Methods section), catchment mean slopes appear to reach an upper limit at around 23°. Assuming that downstream of knickpoints erosion rates match incision rates (which is the case for our study area; Roda-Boluda, 2017), this would imply that some hillslopes downstream of knickpoints have reached their threshold angles (see Figure  S6 in the Supporting Information), and that in some areas of the catchments, further hillslope adjustments to continued incision occur by increasing the frequency of landsliding. Modal slopes in this area are relatively low (5°-17°, Figure 2B ), because catchments are experiencing a transient response to tectonics and in some cases have low-slope upstream sectors still completely unincised (Figure 1 , see slope maps in Supporting Information; Roda-Boluda and Whittaker, 2016, 2017) . Therefore, slope distributions cannot be interpreted in the same way as in steady-state landscapes (e.g. Montgomery, 2001 ), but they can still be informative about lithological differences. Slope distributions reveal significant differences across lithologies in the abundance of steep slopes, which could potentially influence landslide occurrence: slopes > 20°represent 35% of carbonate slopes and 43% of gneiss slopes, but only 17 and 22% of sandstone and granitic ones, respectively. Slopes > 30°represent 10% of carbonate slopes, 12% of gneiss slopes, 8% of granitic slopes, and only 2% of sandstone slopes.
Landslide occurrence Figure 3A shows that the proportion of area affected by landslides in each lithology is variable, with landslides affecting 5% of granites and carbonates, but up to~20% of the flysch (Table II) , including Borrelli et al.'s (2014) data for the granites and gneisses and schists (see Table S2 in Supporting Information). Error bars on the x-axis represent the standard error from the mean (Table II) . [Colour figure can be viewed at wileyonlinelibrary.com] 963 LITHOLOGICAL CONTROLS ON HILLSLOPE SEDIMENT SUPPLY sandstones. We convert these data into lithology enhancement factors (L EF ) using Equation (3) ( Figure 3B ). Landslide occurrence in the gneisses and schists (L EF = 0.86) approximately mirrors their outcropping area, whereas landslides on granites (L EF = 0.28) and carbonates (L EF = 0.54) are underrepresented with respect to their outcrop areas. Landslides in sandstones are twice as likely to occur as it would be expected by their areal extent (L EF = 2.19), and are also overrepresented in red chert (L EF = 1.35) and Pleistocene deposits (L EF = 1.53). Rock types with lower mean Schmidt hammer rebound values (weaker, more weathered and/or more fractured; Table II) Landslide frequency-area distribution The overall cumulative distribution of landslides ( Figure 4A , black line) shows that the median size of landslides in the inventory is 0.025 km 2 , 80% of them are < 0.06 km 2 and 85% < 0.1 km 2 . However, there are lithological differences: median-sized landslides for the granites are 0.012 km 2 , while those in sandstones are 0.037 km 2 . Likewise, landslides < 0.1 km 2 represent 92% of those affecting granites, a greater proportion than for the overall inventory. The biggest landslide affecting each lithology is 2.0-3.7 km 2 , and the smallest, on the order of 10 À4 km 2 . The similarity of these values suggests that the differences between lithologies in Figure 4A are not simply due to differences in mapping resolution. The frequency density of the landslide inventory has a 'rollover' at 0.02-0.04 km 2 , for landslides where 0.04 km 2 < A L < 3.7 km 2 , the exponent of the power-law defining the frequency density is β = 2.3 ± 0.1, implying that the landslide inventory is not dominated by large landslides ( Figure 4B) . Moreover, the relative contribution of landslides smaller than 0.02-0.04 km 2 is probably underrepresented in our geomorphological inventory. Whereas the overall distribution of landslide sizes is influenced by lithology ( Figure 4A ), the rate of frequency decay of bigger landslides with respect to smaller ones (i.e. the rollover positions and power-law exponents) is similar for all lithologies ( Figure 4B ).
Landslide area-volume scaling We calibrate a landslide volume-area scaling relationship based on field estimates of eight landslide deposits spanning all major lithologies and the soil-bedrock landslide spectrum (Table I) , and the volume of one landslide imaged by electrical tomography (Giocoli et al., 2015) . The correlation follows a power-law ( Figure 5A 
where area (A) is in m 2 and volume (V) is in m 3 . This scaling is similar to those suggested by Guzzetti et al. (2009) and the global and bedrock scalings from Larsen et al. (2010) , although for our study area both their scalings underestimate landslide volumes for small landslides and overestimate them for bigger landslides ( Figure 5B ). Based on our scaling relationship, the median-sized landslides of the study area, with A = 0.025 km 2 , have a scar excavation depth of~2.3 m; and the 85% of landslides that are < 0.1 km 2 excavate to depths of about~3 m. We can use Equation (5) to estimate the total landslide volumes stored in the catchments, which are up to 1.5 × 10 8 m 3
and have mean and median values of 8.1 × 10 6 m 3 and 2.1 × 10 6 m 3 , respectively. These volumes, V LC , can be normalized by catchment area, A C , to account for the fact that bigger catchments tend to have more landslides; the normalized volumes represent the thickness of landslide deposits if these were spread uniformly across the whole catchment area. These thicknesses (V LC /A C ) typically reach values of 0.2 to 2 m, with a mean and median value of 0.7 and 0.3 m, respectively.
Inventory timescale and landslide rates
We lack information about the time of landslide accumulation that our landslide inventory represents, and hence landslide rates. We use Equation (4) to estimate plausible inventory timescales, T L , using the median and mean V LC /A C values for the catchments (above), and an overall V LT /A T value calculated using the total volume of landslides stored in all catchments and catchments total area, including those that currently have no landslides. Thus, T L decreases with increasing landsliderelated erosion rate, ē L , which is unknown but can be approximated from published catchment-averaged erosion rates ( Figure 6A ). Although Equation (4) assumes that all sediment flux is derived from landslides (which may be appropriate for the study area; Lazzari and Schiattarella, 2010; Goswami et al., 2016; Roda-Boluda, 2017 ), we use a wide range of erosion rate values to cover most plausible landslide erosion scenarios in these first-order calculations. Given the erosion rates reported in the area ( Figure 6A inset) Grain size supply from hillslopes: lithologic and process controls and effects on fluvial sediment export Lithologic controls on bedrock weathering products In the field, we measured the grain size distributions supplied by bedrock outcrops ( Figures 7A and 7B , Table II ) and by landslides ( Figures 7C and 7D , Table III ). We find that the grain sizes supplied from bedrock outcrops correlate with outcrop Schmidt hammer rebound value, with both D 84 and D 50 increasing~10 mm for each 10-point Schmidt hammer rebound value increment, and doubling from over a 40-point Schmidt hammer value increase (Figure 8 ). The correlation of D 50 values with Schmidt hammer rebound is weaker ( Figure 8B , R 2 = 0.25 versus R 2 = 0.48 for D 84 ), suggesting that rock strength has more control over the coarse-fraction of bedrock grain size supply. However, the trend seems to be dominated by the carbonates and granites; while sandstones and gneisses and schists seem 
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to have more uniform grain sizes, perhaps due to their more pervasive fabrics.
Process controls: bedrock weathering versus landslides Landslides are expected to supply coarser grain sizes than bedrock weathering, but the degree of coarsening with respect to weathering products has not previously been quantified across different lithologies. We compare the grain sizes supplied by landslides and bedrock weathering for sandstones ( Figure 9A ), gneisses and schists ( Figure 9C ), granites (Figure 9 D) and carbonates ( Figure 9B ). For the first three lithologic groups, landslides tend to supply overall coarser sediment, although a few landslides supply material with similar distributions to the bedrock weathering products. In contrast, for carbonates, the grain sizes supplied by bedrock weathering and landslides are indistinguishable ( Figure 9B ). We hypothesize that the distributions are most similar when most of the landslide material is inherited from the top soil and weathered profiles. Comparison of the grain sizes obtained in different localities of the same landslide (nine localities in four landslides) reveal that in two cases, the differences in D 50 and D 84 values obtained in distal localities of the landslide deposit are < 15% (within the range of uncertainty, see Methods section) while the other two landslides exhibit 20-60% differences between sampling localities, probably due to grain size sorting within the landslide deposit (Table III) .
We summarize these grain size data in Figures 9E and 9F Table S1 in the Supporting Information). The line inside the boxes is the median value of the data, and the square is the mean value. [Colour figure can be viewed at wileyonlinelibrary.com] Effects on fluvial sediment export Owing to the generally coarser landslide supply (Figure 9 ) catchments affected by more landsliding should be expected to export coarser grains sizes to the adjacent basins. Whereas current landslides in each catchment could be greatly influenced by recent landslide activity and degree of preservation of their deposits, more incised catchments are expected to have greater long-term rates of landsliding. We observe that catchments with greater incision depth, d i , deliver coarser grain sizes, across all sampled lithologies (Table IV , Figures 10A  and 10B ). The differences are more significant in the coarse fraction (D 84 ), which almost doubles in size over a 500 m increase in d i ( Figure 10A ), at a rate of~10 mm for each 100 m increment in incision depth. To test if coarsening in sediment export is only due to differences in effective discharge between the catchments, D 84 and D 50 are plotted against catchment drainage area, A, since data from Ferro and Porto (2012) demonstrate that discharge scales almost linearly with catchment area in southern Italy ( Figures 10C and 10D ). The correlation of grain size with catchment area (i.e. discharge) is considerably weaker (comparing R 2 and p-values) than with incision, so we hypothesize that the linear scaling of grain size with d i reflects enhanced landslide supply in addition to greater transport capacity in more incised catchments.
We summarize our grain size data by comparing the relative frequencies of grain size fractions of bedrock weathering, landslide supply, and fluvial sediment export, for each lithology, built from the amalgamated grain size distributions of all localities in each category (Figure 11) . Overall, the modalities of fluvial export relative frequency curves are very similar to the modalities of weathering and landslides supply (e.g. Figures 11A and 11C ), or fall in between these two input grain size distributions (e.g. Figure 11D ), but the frequency distributions of fluvial export are slightly enriched in coarser grains.
Discussion
Landsliding in southern Italy and comparison with previous inventories
Our inventory reveals an overall areal density of landslides of 8.7%, and catchment landslide densities of up to 73% (Figure 1 ), comparable to reported landslide densities in southern and central Italy (3-40%; e.g. Guzzetti et al., 2002; Conforti et al., 2011 Conforti et al., , 2014 Bianchini et al., 2012; Santangelo et al., 2013; Borgomeo et al., 2014) . Our inventory resolution (given by the smallest landslide mapped and the rollover value of the frequency density) and power-law exponent are also similar to other inventories in southern and central Italy (e.g. Guzzetti et al., 2002; Santangelo et al., 2013; Borgomeo et al., 2014) . The size of the largest landslide in our inventory, 3.7 km 2 (Figure 4 ), is consistent with those reported in central and southern Italy (4.1 km 2 , Santangelo et al., 2013 ; 4 km 2 , Guzzetti et al., 2012) , suggesting that this may be the upper limit of landslide sizes in the region, restricted by hillslope lengths and bedrock fracturing (e.g. Clarke and Burbank, 2010; Frattini and Crosta, 2013) . Our data confirms that landsliding in this area is dominated by medium and small landslides (the latter probably being more relevant than can be inferred from these geomorphological inventories), which is also supported by the observations that 50% of the landslides are < 0.0025 km 2 and 85% are smaller than 0.1 km 2 ( Figure 4A ). We present the first field-calibrated area-volume scaling for landslides in southern Italy ( Figure 5A ), from which we estimate that 50 and 85% of landslides excavate to depths of~2.3 and 3 m, respectively, enabling us to quantify the observations made by many authors that landslides in the area are generally shallow Parise, 2005, 2010; Goswami et al., 2011; Conforti et al., 2011) . These results are similar to observations by Guzzetti et al. (2009) that the average landslide depth in the central Apennines is 2.7 m. The area-volume power-law exponent, γ = 1.28, falls in the range where Larsen et al. (2010) found that the exponent values of soil (γ = 1.1-1.4) and bedrock (γ = 1.3-1.6) landslides overlap. Given that our scaling relationship fits across the spectrum of sampled landslides, ranging from soil to bedrock landslides, and affecting all major lithologies in the area (Table I) , this suggests that the excavation depths of the sampled soil and bedrock landslides are not substantially different in our study area. This similarity is probably because in the study area, the reported soil depths and the depths of weathered and fractured profiles that generate bedrock landslides, are comparable (e.g. Parise, 2005, 2010; Borrelli et al., 2014; Scarciglia et al., 2016) . The relative contributions of soil (i.e. shallow) and bedrock (i.e. deep) landslides to the inventories depend on how soil formation rates compare to hillslope erosion rates (Larsen et al., 2010) , and on the rock strength gradient with depth (e.g. Clarke and Burbank, 2010; Frattini and Crosta, 2013) . Landsliding is characterized by bedrock failures where soil formation rates lag behind hillslope erosion rates and/or bedrock rock strength is uniform with depth. While the depth profile of bedrock cohesion and fracturing is hard to estimate, soil and weathering profile formation rates have been recently estimated in the Sila massif (Figure 1) by Scarciglia et al. (2016) to be between 0.01 and 0.36 mm yr
À1
. Therefore, the rates at which weathering profiles and soils develop can be of the same order of magnitude as catchment-averaged erosion rates, of 0.1 to 1.0 mm yr À1 (Lazzari and Schiattarella, 2010; Cyr et al., 2010; Olivetti et al., 2012; Roda-Boluda, 2017) . The fact that weathering and soil formation rates do not lag much behind catchment erosion rates could explain why our volume-area scaling exponent falls on the upper end of soil landslide exponents, and on the lower end of bedrock landslide exponents.
The thickness of mobilized landslide material in the catchments, with typical values of~0.3 to 0.7 m, compares well with those found in the central Apennines by Guzzetti et al. (2009) Figure 6B , see Geological Setting section and Table S1 in Supporting Information), likely because these studies characterize landsliding over a few years to decades, while our geomorphological inventory captures the integrated record of landslide supply and removal over timescales that we estimate to be~1-3 kyr ( Figure 6A) . Overall, our data shows that landslides in the area probably mobilize volumes of material that can have a substantial impact on catchment erosion and basin stratigraphy, highlighting the importance of evaluating (i) how lithology modulates landslide fluxes, and (ii) the impact of landslides on hillslope grain size supply.
Lithological controls on hillslope sediment supply Landslide activity Our data suggest that lithology and rock strength modulate hillslope sediment fluxes by influencing slopes, landslide abundance, and the distribution of landslide sizes. Most catchment mean slopes are < 23°; which, if representative of threshold slopes, is a lower angle than in other areas, probably due to the high degree of bedrock weathering and fracturing in the study area (Le Pera and Sorriso-Valvo, 2000; Borrelli et al., 2014; Scarciglia et al., 2016; Von Eynatten et al., 2016) , and the preservation of unincised sectors upstream of knickpoints (Roda-Boluda and Whittaker, 2016, 2017) . Rock strength has been reported to influence slope distributions (Korup, 2008; Korup and Schlunegger, 2009; Clarke and Burbank, 2010) ; in our area, we find that stronger rocks (carbonates and gneisses and schists) have greater proportions of steep slopes (> 20°) than the weaker rocks (sandstones and granites) ( Figure 2B ). Similarly to other settings (Korup and Schluengger, 2009; Clarke and Burbank, 2010; Hurst et al., 2013; Borgomeo et al., 2014) , we find at a regional scale that weaker rocks are more prone to landsliding, and we quantify this effect by combining Schmidt hammer measurements with our landslide inventory (Figure 3) , confirming that landslides in southern Italy are more widespread in weak flysch sandstones (Carrara et al., 2010; Santangelo et al., 2013; Coico et al., 2013; Conforti et al., 2014) . Granites have a lower L EF than could be expected given their rock strength ( Figure 3C ), which could be due to the fact that landslides affecting granites are considerably smaller than those affecting other lithologies, and are therefore preferentially undersampled (Figure 4) . Indeed, field observations have pointed out that landslides affecting granites are tightly coupled to the weathering profiles, and hence tend to be small and shallow (e.g. Parise, 2005, 2010; Borrelli et al., 2014) .
Although lithology influences the overall distribution of landslide sizes when the full spectrum of sizes is considered ( Figure 4A ), it seems to play a minor role when only the decay in frequency of larger landslides is taken into account (Figure 4 B). This discrepancy could reflect that the two factors that control landslide sizes; (i) rock strength gradient with depth (Clarke and Burbank, 2010; Frattini and Crosta, 2013) , and (ii) the ratio of soil production and erosion rates (Larsen et al., 2010) , are significantly influenced by lithology for smaller landslide sizes; while local relief and incision, which are dictated by tectonics, are more important than lithology in determining the occurrence of larger landslides. These results also highlight that when the frequency distributions of landslides are compared for different lithologies, landslides below the rollover value of the distributions should also be considered. Our data set is too small to fully explore the influence of lithology on landslide area-volume scaling, but we note that all our data points, which include four lithologies, fall in the same trend, as found by Guzzetti et al. (2009) .
Grain size supply Our data reveal that lithology and rock strength also control the grain sizes supplied from hillslopes, in two ways. First, rocks with greater rock strength tend to weather into coarser grain sizes (Figure 8) . Second, landslides, whose occurrence is controlled by lithology and rock strength (Figure 3) , deliver coarser grain size distributions than other erosional processes ( Figure 9) . Moreover, the grain sizes and degree of coarsening of landslides also varies across lithologic types (Figures 9 and  11 ). This is the first time, to our knowledge, that the prediction of stronger rocks delivering coarser grain sizes (e.g. Allen et al., 2015; Sklar et al., 2017) is shown with empirical data from bedrock outcrops. We attribute this correlation to the fact that both the degree of weathering and fracturing at the outcrop scale are well-captured by Schmidt hammer rebound measurements (e.g. Selby, 1980 Selby, , 1982 Goudie, 2006; Borrelli et al., 2014) , and these two variables have a strong control on grain size production (Attal et al., 2015; Sklar et al., 2017) . Rock strength seems to have a stronger control over the coarse grain size fraction, D 84 , probably because this is the fraction more closely related to fracture spacing. However, our results also highlight that rock strength and grain size supply can vary significantly within one lithologic group, depending on the local degree of weathering and fracturing, and that rock strength alone does not explain the observed grain size differences (Figure 8 ). The variability in rock strength and grain size that cannot be attributed to lithology is probably due to differences in local climatic conditions and vegetation (mostly due to the altitudinal gradient), distance from the fault, or the local deformation history of each formation (e.g. Sklar et al., 2017) . Our data set was collected to test the role of lithology and does not allow us to explore these other variables further, but this remaining variability should be the object of future work. Overall, our results demonstrate that rock strength does not only influence the evolution of grain size distributions by modulating abrasion rates (e.g. Sklar and Dietrich, 2001; Lavé, 2006, 2009; O'Connor et al., 2014) , but it is also key in determining the initial grain size distributions supplied from bedrock weathering.
Moreover, our data reveal that lithology plays a role in the degree of coarsening with respect to bedrock weathering products, which ranges between 5 and 250%. This difference in grain sizes supplied from landslides and weathering is significantly smaller than the order of magnitude difference found by Attal et al. (2015) in northern California, probably because we sampled comparatively fresh weathering products of bedrock outcrops, while they sampled particles embedded on soils, which had been subjected to considerable subsequent weathering. The degree of coarsening between bedrock and landside products may be indirectly related to the style of landsliding and landslide excavation depth that is more characteristic for each lithology, and the degree of fracturing during landslide mobilization (e.g. Zhao et al., 2017) , for which we have limited data. However, field observations suggest that landslides only occur in carbonates (the strongest lithology in the area, Figure 3 ) where metre-scale soil or weathering profiles have been developed. If landslides in carbonates generally only mobilize the top soil or weathering profiles, this would explain why the grain size distributions of weathering products and landslides are indistinguishable. This could also be the case for some landslides in other lithologies which have similar distributions to their bedrock weathering products (Figure 9 ). Our landslide grain size distributions have a similar range of magnitudes to those previously reported (e.g. Ibbeken, 1983; Attal and Lavé, 2006; Dunning, 2006; Whittaker et al., 2010) but are finer than other published distributions (e.g. Casagli et al., 2003; Attal and Lavé, 2006; Attal et al., 2015) . We find that landslide D 84 values rarely exceed 100 mm, probably because landslides are generally shallow, mobilizing the top few decimetres to metres of bedrock, which tend to be significantly weathered and fractured.
We suggest that the correlation between the coarse fraction of fluvial export and fluvial incision ( Figures 10A and 10B ), is best explained by a combination of enhanced coarse landslide supply and transport capacity on incised catchments, given that more deeply incised catchments tend to have greater long-term rates of landsliding (e.g. Larsen and Montgomery, 2012) . This coarsening cannot be explained well by only invoking differences in the discharge (drainage area) of these catchments ( Figures 10C and 10D) , so the original grain size supplied to these rivers must play an important role, as found in other areas (Attal et al., 2015) . Figure 11 also demonstrates the importance of hillslope grain size supply in determining the grain size distributions of fluvial sediment, with the relative enrichment in coarser particles in the fluvial export probably reflecting both the successive hillslope inputs downstream and the preferential transport of finer particles away from the catchment outlets. Our larger data set expands on previous findings that show that hillslope supply dominates fluvial grain size distributions in central and southern Italy (Ibbeken, 1983; Le Pera and Sorriso-Valvo, 2000; Whittaker et al., 2010) . These results (Figure 11 ) support findings from Allen et al. (2016) , who observed that the statistical properties of the grain size distributions supplied from hillslopes and proximal fluvial sediments in southern Italy are similar. However, Allen et al. (2016) also noted that fluvial sediment experiences some homogenization, which probably explains why the influence of hillslope supply is harder to differentiate from the transport control in D 50 values ( Figures 10B and 10D) .
Overall, this study refines predictions of grain size supply from hillslopes (e.g. Allen et al., 2015; Sklar et al., 2017) , and indicate that lithology should be considered by numerical models more broadly than simply its effect on bedrock erodibility (cf. Whipple and Tucker, 2002; Roy et al., 2015) . Our data demonstrates that grain size supply can vary depending on lithology and delivery process, but in a potentially predictable way. Therefore, the observed coupling between grain size supply and bedrock erodibility (expressed both through more intense weathering or landsliding), could be readily incorporated into models of basin stratigraphy (e.g. Armitage et al., 2011; Allen et al., 2015 Allen et al., , 2016 , coupled models of landscape response and sediment flux (e.g. Cowie et al., 2006; Allen et al., 2013) , or sediment flux-dependent models of fluvial incision (e.g. Cowie et al., 2008) .
Conclusions
We examined the lithological controls on hillslope sediment supply along normal faults in southern Italy, by combining data from a newly compiled landslide inventory and field surveys on rock strength and grains size supply. Our data reveal a dual control of rock strength and lithology on hillslope sediment fluxes, by modulating landslide activity and the grain size distributions delivered by weathering outcrops and landslides. We find that rock strength influences the abundance of steep slopes and landslides, and landslide area-frequency distributions, particularly for smaller landslide sizes, but it exerts a minor control on the frequency decay of larger landslides and on landslide area-volume scaling. Overall, landsliding in southern Italy is dominated by small and medium, shallow landslides (85% of them < 0.1 km 2 and excavating < 3 m deep, with β = 2.3), which generate large landslide densities in the catchments (3-70%), and probably have a considerable impact on sediment fluxes. Rock strength, which captures the degree of weathering and fracturing, also controls the grain size supply from bedrock outcrops , which generally coarsens by~10 mm for each 10-point increment in Schmidt hammer rebound values. Furthermore, lithology seems to influence the degree of coarsening of landslide supply with respect to weathering, perhaps through indirectly controlling the style of landsliding. Finally, we show that more incised catchments supply significantly coarser grain size distributions, due to the combination of enhanced landsliding and transport capacity.
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FIGURE S1. Simplified lithological and fault map for the study area, with labelled fault footwall catchments and field localities sites, for Campania and Basilicata (a), in the southern Apennines, northern Calabria (b) and southern Calabria (b). FIGURE S2. Landslides from the IFFI project inventory. FIGURE S3. Examples of recent landslides mapped from Google Earth imagery, on catchments along the Serre -(a) and (c); (c) is a zoomed in inset of a landslide in (a) -and Cittanova -(b) and (d)-faults. FIGURE S4. Recent landslides mapped from Google Earth imagery. FIGURE S5. Field photos of recent landslides, from which we have estimated areas and volumes (Table 1 ). FIGURE S6. Catchment slope and incision depth maps. FIGURE S7. (a) Catchment maximum incision depth vs. catchment area; the linear correlation of these variables is the reason why we present our data in Fig. 2 (Roda-Boluda & Whittaker, 2017) ; while maximum incision tends to be located near the fault (see Fig. S7 ) and reflect the fluvial adjustment to active normal faulting, and is in these areas where most steep slopes and landslides are located (see Fig. S7 and Fig. 1 ). FIGURE S8. Error estimates from 3 repeat grain size distribution counts. Each count was done by a different person. Count 2 corresponds to the field Wolman point count measurements, and counts 1 and 3 to photo point counts done with Image J software. Figure S9 . Different 3D views of a representative catchment to illustrate how incision depth maps (Fig. S6) , from which maximum incision depths are derived, have been extracted. First, the polygon that defines the catchment boundaries is converted to a series of points that contain the catchment boundary elevation information from the DEM. Then, a surface capping the catchment is created as a TIN surface that joins these points. Finally, the TIN surface is converted into a raster in order to subtract the catchment's clipped raster and the "capping" raster; the resulting raster is a DEM that in each proint represents the vertical difference between the capping surface and the catchment DEM (i.e. the vertical distance between the catchment countour boundary, or the extrapolated surface, and the lowest point in the catchment). A detailed workflow can be found at: http://gis4geomorphology.com/calculate-basin-volume/. Table S1 . Landslide rate calculations from available multi-temporal landslide inventories in the area (sensu Galli et al., 2008; Guzzetti et al., 2012) . Table S2 . Data from Borrelli et al. (2014) that we have used to complement our Schmidt hammer data for gneisses and granites (Table 2) . They sampled gneiss and granitic bedrock in 35 localities of the Sila Massif to characterize weathering profiles. Because they present their data in the context of weathering grade classification, giving a range of Schmidt hammer rebound values rather than single measurements, we use the median rebound values of their categories assigned to each locality.
